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SHARPE, D. M., K. Cromack, JR., W. C. JOHNSON, and B. S. Ausmus. 1980. A regional approach to litter dynamics in Southern 
Appalachian forests. Can. J. For. Res. 10: 395-404, 


Foliage litterfall, O1 litter mass, and its Mg, P, and K content were estimated for six forest types in the Southern Appalachian 
region using 252 forest survey plots of the USDA Forest Service. General allometric equations were used to compute foliage 
litterfall, and average species foliage elemental concentrations were used for litterfall elemental content. Exponential decay rate 
constants (k) of foliage mass and elements were estimated from foliage lignin concentrations. The procedure was tested with 
measured litterfall and OI litter at Coweeta Hydrologic Laboratory and selected Forest Service plots in Macon County, North 
Carolina. Litterfall and O1 litter mass were accurately computed. Elemental content of litterfail and Mg and K mineralization rates 
were overestimated; P mineralization rate was underestimated. First-year immobilization of Ca may render the exponential decay 
model invalid for Ca. 

Computed litterfall (only plots with aboveground woody phytomass = 150 t ha~! were used) was 4077 kg ha”! year”, with no 
significant difference between forest types. Equilibrium O1 litter varied from 6891 kg ha~! for pine to 3345 kg ha”! for cove hard- 
woods. Mg, P, and K content of both litterfall and O1 litter increased from pine to mesic hardwood forest types. 


SHARPE, D. M., K. Cromack, JR., W. C. Jonnson et B. S. AusMus. 1980. A regional approach to litter dynamics in Southern 
Appalachian forests. Can. J. For. Res. 10: 395-404. 

Les auteurs ont mesuré la masse de litière fraiche de feuillage, de litière O1 (horizons L et F) et leur teneur en Mg, P et K, dans 
six types forestiers de la région du Sud des Appalaches, en utilisant 252 placettes d’inventaire du Service forestier américain. Des 
équations allométriques générales furent utilisées pour le calcul de la litière fraiche de feuillage, et les concentrations moyennes 
en éléments du feuillage pour une espèce donnée furent utilisées comme mesure de la teneur en éléments de la litière fraîche. Les 
constantes (k) du taux de décomposition de la litière fraîche furent estimées par la teneur en lignine. Cette méthode fut testée par 
des mesures de litière fraîche et de litière Ol au Coweeta Hydrologic Laboratory en Caroline du Nord. Ceci a permis un calcul 
précis des masses de litière fraîche et de litière O1; cependant la teneur en éléments de la litière fraîche et les taux de minéralisation 
de Mg et K furent surestimés alors que le taux de minéralisation de P fut sousestimé. L’immobilisation de Ca au cours de la première 
année peut invalider le modèle de minéralisation de Ca. 

La masse de litière fraiche (en utilisant seulement les placettes ayant une phytomasse amérienne = 150 t ha~’) fut de 4077 kg 
ha”! an~', sans différence significative entre les types forestiers. La masse de litière O1 à l'équilibre variait de 6891 kg ha”* pour 
une pineraie à 3345 kg/ha”! pour un type de forêt feuillue. Les contenus en Mg, P et K de la litière fraiche et de la litière O1 allaient 
croissants depuis la forêt feuillue mésique. 

[Traduit par le journal] 


Introduction 
Studies of forest litter turnover and mineral re- 
lease in plots (Witkamp 1966; Witkamp 1971; Aus- 
mus and Witkamp 1973; Fogel and Cromack 1977) 


and on small watersheds (Bormann and Likens 
1967; Cromack and Monk 1975; Gosz et al. 1973) 
have greatly expanded our knowledge of decom- 
position processes and rates. It has been presumed 
that such studies can be extrapolated as regional 
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averages and used for interregional comparisons 
(Bray and Gorham 1964; Rodin and Bazilevich 
1967; Jordan 1971; Reichle 1975). Inreality, regions 
such as river basins, physiographic provinces 
(Fenneman 1938), or forest regions (Braun 1950) 
are mosaics with diverse ecology and land use his- 
tories, making site studies a more compelling basis 
for extracting global patterns (Meentemeyer 1978) 
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than for extrapolation to surrounding landscapes. 
Yet, each site or watershed study is time-consum- 
ing and costly, so it is not feasible to study a large 
number of locales to obtain a profile of regional 
variability. A method to extend findings of site 
studies to regions is needed. Such an approach 
would combine principles and data acquired at in- 
tensively studied sites with a regional sample of for- 
est conditions. In this study a model of litter turn- 
over and mineral release appropriate to the regional 
scale is formulated. Our eventual goal is to com- 
pute total litter turnover and mineral cycling. Such 
a model can be linked with other regional scale pro- 
cess models of primary productivity (e.g., Rodin 
and Bazilevich 1967; Reichle ef al. 1975; Leith and 
Whittaker 1975) and succession (Shugart ef al. 
1973; Johnson and Sharpe 1976) to give a compre- 
hensive statement about regional ecosystem dy- 
namics that is both conceptually appealing and use- 
ful in dealing with mineral cycling as a resource 
management problem (see Jorgensen et al. 1975; 
Patric and Smith 1975). 

In this paper we model the inputs of foliage litter 
and O1 litter mass, and the inputs and O1 content 
of selected macronutrients under assumed steady 
state conditions. Specification of the O1 layer fol- 
lows the U.S. Comprehensive Soil Classification 
System (Soil Survey Staff, U.S. Department of 
Agriculture 1975) and approximates the L and F 
layers. This study combines a large, high quality, 
forest inventory data base developed by the USDA 
Forest Service with information from the Coweeta 
Hydrologic Laboratory in North Carolina, an in- 
tensively studied site of the Eastern Deciduous 
Forest Biome Program, US-IBP (Johnson and 
Swank 1973; Day and Monk 1974; Yount 1972, 
1975; Cromack and Monk 1975). Studies at Cow- 
eeta suggest that foliage decomposition and min- 
eralization rates for species can be predicted from 
species litter quality. If litter input and its quality 
can be derived indirectly for a forest inventory plot, 
then litter dynamics may be computed for forest 
stands where only forest plot data are available. We 
first present a method for computing the mass and 
elemental contents of foliage litterfall and O1 litter, 
and test it with observations from Coweeta and 
from selected U.S. Forest Service forest inventory 
plots where we collected litter samples. We then 
calculate litter characteristics for mature stands of 
six major forest types in the Southern Appalachian 
Mountains of North Carolina and Tennessee (Fig. 
1). The litter layer of this region is a mosaic that 
reflects contrasts in species composition and en- 
vironment. Accumulations are thought to reflect 
differences in decomposition rates rather than litter 
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Fig. 1. Location of study area and of site studies. GSMNP 
(Great Smokey Mountains National Park) is excluded from the 
study area because no USDA Forest Service CFI plots are in- 
Stalled in national parks. 


production (McGinnis 1958; Shanks and Olson 
1961). In general, the litter layer is a neutral to 
slightly acid mull. 


Methods 


The mass of foliage litter and elements in the O1 litter layer 
at equilibrium Gust prior to autumn leaf abscission as defined by 
Olson (1963)) can be computed for a forest inventory plot if the 
annual foliage litterfall and its elemental concentrations and de- 
cay or mineralization rates are known. Foliage phytomass may 
be computed for each tree in the plot record using general al- 
lometric equations, and litterfall calculated from data on foliage 
persistence. Macronutrient contents of litterfall are derived 
from local site studies, We assume exponential rates of decay 
and mineralization to compute equilibrium mass and elemental 
content of OI litter. Summing over all trees provides plot totals 
from which various regional characterizations can be derived, 
e.g., differences among forest types. The procedural steps are 
discussed below. 


Data bases 

Forest inventory data routinely provide information on the 
species and the diameter at breast height (dbh) of individual 
stems on a plot. Two sets of plot records were utilized in our 
analyses. Plot records from Coweeta (Day 1973; Day and Monk 
1974) include 25 plots on a mixed hardwood watershed (Water- 
shed 18) with a total area of 3.125 ha (25% of the watershed 
area). Woody stems = 2.5 cm dbh were measured, including 
large shrubs, e.g., Rhododendron and Kalmia. 

The second data base includes USDA Forest Service contin- 
uous forest inventory (CF1) plots for a 22-county area in western 
North Carolina and the 9 mountain counties of east Tennessee 
(Fig. 1). The North Carolina plots were measured at a single 
point by the Southeast Forest Experiment Station and have a 
basal area factor (BAF) of 10. The Tennessee plots were in- 
stalled by the Southern Forest Experiment Station, and com- 
prise a 10-point cluster with a BAF of 37.5. These records ac- 
count for stems of trees (but not shrubs such as Rhododendron 
and Kalmia) having a dbh = 2.5 cm. Trees 2.5 cm < dbh = 12.2 
cm were measured on fixed radius subplots. Plot records include 
dbh and species of each tree, although hickories (Carya spp.) 
are grouped, and a variety of other species, e.g., sourwood 
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TABLE |. Equations to compute foliage litter dynamics 


Equilibrium litter (Æ) vs. litterfall (L) (modified from Olson 1963) 


0] E= (il ~e*))-L 


Allometric equations: phytomass (kg) as a function of DBH (D, cm) (Harris et al. 1973; Sollins 
et al, 1973) 


Conifer foliage CFP = 0.0732D 1-57 
[3] Deciduous foliage DFP = 0.0282D "7+ 
[4] Aboveground woody AWP = 0.137D?.4% 


[5] Phytomass and carbon 
[6] Calcium 


Turnover rate (k) vs. species lignin concentration (Lg, percent) (Cromack 1973) 
k = —1.262 + 0.028Leg (¢? = 0.91) 
k = — 1.88 + 0.542 In Lg (r? = 0.99) 


[71 Magnesium = —3.01 + 0.592 In Lg (r? = 0.74) 


[8] Phosphorus 
[9] Potassium 


k = —(1.600Lg~°#78) (r? = 0.97) 
k = —(1.397 — 7.584/Lg) (r? = 0.96) 


(Oxydendrum arboreum L.), are combined in a noncommercial 
category (USDA Forest Service 1968). 


Computation of litterfall components 

The foliage and aboveground woody mass of each recorded 
stem were computed using allometric equations based on tree 
dbh developed for this region (Harris er al. 1973; Sollins et al. 
1973). Separate allometric equations for conifers and deciduous 
species were used to compute foliage mass (Table 1). An allo- 
metric equation for each species is not available, but could pro- 
vide further elaboration of this method, Annual foliage litterfall 
was considered equal to foliage mass for deciduous species and 
equal to one-third of foliage mass for evergreen species; i.e., a 
3-year foliage persistence was assumed. A 3-year persistence 
was assumed for Kalmia and seven years for Rhododendron 
(Day and McGinty 1975) for Coweeta. 

The allometric equations for foliage from which litterfall was 
derived are based on dry weight of green, not senescent, foliage. 
However, we have not adjusted for preabscission weight loss 
even though loss by translocation and leaching is well known. 
Grizzard, ef al. (1976) found that leaves sampled at Oak Ridge, 
Tennessee, immediately before abscission averaged 28% below 
maximum weights for deciduous species. The timing of maxi- 
mum weights was mid-October for northern red oak Quercus 
rubrum L.) and white oak (Q. alba L.), mid-September for yel- 
low poplar {Liriodendron tulipifera L.), August for sourwood 
(Oxydendrum arboreum L.), and early June for black gum 
(Nyssa sylvatica Marshall). Prior to the maximum, leaf weights 
increased erratically. However, all samples from which the de- 
ciduous foliage allometric equations were computed were taken 
prior to mid-August (Sollins and Anderson 1971), hence not con- 
sistently at the time of maximum weights. Others (Guha and 
Mitchell 1966; Hoyle 1965} have found preabscission weight loss 
to be lower. For this reason, any bias in the equations used in 
the present study is certainly less than the 25% mentioned by 
Grizzard et al. (1976), and it is not evident that any substantial 
bias exists. 

The input of foliar nutrients was calculated as foliage litterfall 
weighted by the concentration of the specific nutrient in each 
species (Table 2) derived from studies at Coweeta Hydrologic 
Laboratory (Cromack and Monk 1975; Day and Monk 1977) and 
Oak Ridge National Laboratory (Grizzard et al. 1976). Where 
more than | year of data were available, average values were 
used. Concentrations in senescent foliage were used where pos- 
sible, but only values for green foliage were available for some 
minor species. 

Species lignin concentrations were measured at Coweeta by 
Cromack and Monk (1975) or at Oak Ridge by Ausmus (unpub- 
lished data), Three to six trees of each species were sampled to 
obtain a composite sample of approximately 25 leaves repre- 


senting a cross section of the canopy. No attempt was made to 
differentiate site or geographic differences in lignin concentra- 
tions. 


Decomposition and mineralization rates, and equilibrium O1 
litter 

Decomposition and mineralization rate constants (k) are 
based on litterbag research at Coweeta Hydrologic Laboratory. 
Lignin content of senescent foliage is an accurate predictor of 
k (Cromack 1973; Cromack and Monk 1975; Fogel and Cromack 
1977) as well as mineralization rate constants. Equations relat- 
ing k to lignin concentration are shown as Eqs. 5-9 (Table 1). 

We assumed exponential decomposition and mineralization 
rates. Equilibrium mass and element content of OI litter were 
computed using Eq. 1 (Table 1). Our Eq. | is a reformulation of 
Olson's (1963) Eqs. 10, 16, and 17. Although the exponential 
decay model proposed by Jenny et al. (1949) and Olson (1963) 
has been questioned (Minderman 1968; Anderson 1973), we 
consider it a useful simplification for regional scale applications 
where interannual variations in litter dynamics need not be ac- 
counted for. The study excludes nitrogen because early immo- 
bilization of N makes the exponential mineralization model in- 
appropriate (Aber and Melillo 1980). 

In summary, equilibrium Of litter mass and its element con- 
tent were calculated from litterfall for each tree on forest plots 
by making appropriate substitutions into Eq. | (Table 1). Lit- 
terfall (L) was computed as described above, and decomposi- 
tion and mineralization rates (x) of the foliage litter were derived 
from Eqs. 5-9 (Table 1) on the basis of species lignin concen- 
trations. These values were summed to obtain a plot total for 
species for which lignin concentrations were available. We then 
extrapolated to include species for which lignin concentrations 
were not available by assuming that their decomposition and 
mineralization rates were equal to the average of the other spe- 
cies on the plot. 


Evaluation of the procedures 

The procedures were evaluated in two ways. First, the plot 
records for Watershed 18 at Coweeta Hydrologic Laboratory 
were used to compute litterfall and O1 layer mass and element 
contents. These were compared with measured values reported 
by Cromack (1973). Additionally, seven CFI plots from the 
USDA Forest Service data base were visited in late summer, 


.1974, and nine to twenty 0.1-m? litter samples were obtained 


from each. The OI litter was analyzed for dry weight at Oak 
Ridge National Laboratory by standard procedures. No element 
analyses were made of these samples. 


Selection of plots for regional sample 
In extending the analysis to the southern Appalachian region, 
we chose only plots from the Forest Service data base that sat- 
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TABLE 2. Lignin, calcium, magnesium, phosphorus, and potassium concentrations (percent) of 
foliage of tree and shrub species. Data sources are Coweeta Hydrologic Laboratory (CHL) or 
Oak Ridge National Laboratory (ORNL), as shown in the footnotes 


Species Lignin Ca Mg P K 

Juniperus virginiana L.®? 22.8 4.64 0.12 0.05 0.41 
Pinus echinata Miller" 28.6 0.50 0.08 0.08 0.32 
Pinus rigida Miller”! 31.5 0.55 0.08 0.10 0.32 
Pinus strobus Lev 31.0 0.65 0.13 0.11 0.24 
Pinus taeda L.“* 31.4 0.59 0.07 0.11 0.32 
Pinus virginiana Miller“ 33.6 0.55 0.08 0.10 0.32 
Acer rubrum L.e9 12.7 1.00 0.20 0.14 0.64 
Acer saccharum Marshall" 15.0 1.64 0.28 0.33 1.17 
Carya spp*" 16.9 1.71 0.24 0.07 0.83 
Cornus florida L? 3.9 1.80 0.55 0.14 1.24 
Fagus grandifolia Ehrhart*” 19.2 0.84 0.07 0.03 0.31 
Fraxinus spp.04 16.8 2.82 0.29 0.09 0.86 
Gleditsia triacanthos L. 25-1 3.15 0.35 0.35 1.65 
Juglans nigra L” 6.6 2.14 1.02 0.31 1.12 
Liquidambar styraciflua L.“" 14.2 1.44 0.43 0.28 0.98 
Liriodendron tulipifera Le”? 14.6 1.55 0.47 0.23 1.18 
Nyssa sylvatica Marshall** 14.0 1.26 0.86 0.10 0.58 
Platanus occidentalis L.®4 18.2 2.67 0.38 0.12 1.65 
Prunus serotina Ehrh.*# 16.1 1.95 0.48 0.32 1.18 
Quercus alba L.” 17:2 0.88 0.14 0.10 0.38 
Quercus coccinea Meuhch.*" 16.7 0.88 0.14 0.10 0.38 
Quercus falcata Michaux* 16.7 0.88 0.14 0.10 0.38 
Quercus prinus L.®# 25.5 1.00 0.14 0.16 1.02 
Quercus rubra LA 16.7 0.88 0.14 0.10 0.38 
Quercus stellata Wangenh.* 16.7 0.88 0.14 0.10 0.38 
Quercus velutina Lam.* 16.7 0.88 0.14 0.10 0.38 
Robinia pseudoacacia L/ 25.1 3.15 0.35 0.35 1.65 
Kalmia latifolia L/ 21.5 1.58 0.18 0.01 0.30 
Rhododendron maximum LJ} 15,7 1.28 0.19 0.03 0.24 


“Lignin (B. S. Ausmus, unpublished data, ORNL) 


Nutrients (B. S. Ausmus and K. Cromack, Jr., unpublished data, ORNL) 


‘Nutrients (Grizzard er al. 1976, ORNL) 

4Nutrients (B. $. Ausmus, unpublished data, ORNL) 
* Lignin (Cromack and Monk 1975, CHL) 

Nutrients (K. Cromack, Jr., unpublished data, CHL) 


*Nutrients (averaged from Day and Monk 1977, CHL; Grizzard et al. 1976, ORNL) 


*Nutrients (Day and Monk 1977, CHL) 


‘Both lignin and nutrients assumed to be the same as R. pseudoacacia. 


#Lignin (K. Cromack, Jr.. unpublished data, CHL) 


*Both lignin and nutrients assumed to be the same as Q. coccinea. 


isfied two criteria: (1) the plot had a computed aboveground 
phytomass of 150 t ha”! or greater; and (2) 85% or more of the 
computed foliage litterfall was from species for which foliage 
lignin and elemental concentrations (Table 2) are known. 

The first criterion excludes plots that are in early stages of old 
field succession or that may have been recently disturbed, as by 
timber harvest. These plots could have a litter layer that re- 
flected previous conditions (Yount 1975), or be undergoing a 
rapid change in leaf area index and litterfall, or have transient 
environmental conditions that affect decomposition rates (Aber 
et al. 1978). These conditions would violate the assumption of 
unchanging annual foliage litterfall and decomposition rates. 
Also, foliage production of stems not considered in the Forest 
Service records, e.g., Rhododendron, tree stems < 2.5 cm dbh, 
and herbs, is more likely to be a higher proportion of the total 
in stands with lower phytomass. This restriction may be con- 
servative, since the litterfall and O1 litter of many undisturbed 
forest stands having phytomass < 150 t ha”! are probably in near 
equilibrium. Aboveground woody phytomass for the plot was 
computed using Eq. 4 (Table 1) by the same procedures used to 
compute foliage phytomass. One equation was used for all spe- 
cies. 


The second criterion avoids undue extrapolation for plots 
with a high proportion of species with unknown lignin and (or) 
elemental concentrations. Information was available for the 
most common species in the region (Table 2), but not for all 58 
tree species recorded in the Forest Service survey. 

The forest type of each of the 252 selected plots was deter- 
mined by standard procedures (Society of American Foresters 
1967). We used aboveground phytomass of each species on a 
plot as a measure of its dominance because of its close relation 
to foliage production, rather than number of stems in the dom- 
inant and codominant crown classes. Forest type nomenclature 
in Tables 5-7 is similar to that of the SAF classification. 


Results and discussion 
Technique evaluation 
Litterfall and OI mass 
The procedure to calculate O1 litter from forest 


plot data was evaluated by comparing calculated 
and measured values from Coweeta and selected 
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TABLE 3. Computed aboveground phytomass and sampled mass of the O1 and O1 + O2 litter layers for the mixed hardwood 
watershed at Coweeta Hydrologic Laboratory and seven Forest Service plots in Macon Co., NC 


Computed Observed" (kg/ha) 
Phytomass O1 Woody 
ooo Foliage foliage O1 O1 + O2 litter 
Woody Foliage litterfall litter foliage foliage 2.5 cm Sample 
Plot (tha!) (kgha”!} (kg ha~ year™') (kg hav’) litter litter diameter size 

Coweeta 163 4310 361° 3250 3138+485 611244044 1864+61° 24 
Forest Service i 

plots: 

14-4 159 4880 4140 3420 3280+1261 15746+2304 2149+537 10 

14-7 214 4670 4670 3880 4364+1031 29314+7568 3623 + 1976 10 

14-27 137 4500 3570 3490 1876+993 10856+7074 452+339 9 

14-36 108 6510 3240 3220 1649+274 10659+2577 444 +333 16 

14-41 171 4920 4920 3920 5882+2056 34599+7908 427642721 12 

14-45 154 3280 3280 2730 4532+1107 22278 +8066 2475+ 1485 19 

14-48 274 8330 5040 5560 6317+1430 25546+9161 213442134 20 


*Confidence limits of 95% are given. 


“Total measured foliage litterfall at Coweeta was 4002 kg ha! year™', including foliage of minor species for which lignin values were not available. 


*From Cromack (1973). 
“From Yount {1972}. 


Forest Service plots in Macon County, North Car- 
olina (Table 3). Computed litterfall at Coweeta was 
3614 kg ha”! year”! compared with litter trap esti- 
mates of 3519 kg ha~ year”! for the major species 
onthe mixed hardwood watershed and 4002 kg ha”! 
year”! for all species. The computed O1 litter of 
3250 kg ha”! is well within the 95% confidence lim- 
its (3138 + 485 kg ha!) of sampled O1 foliage litter 
for the watershed (Cromack 1973). 

Computed O1 foliage litter is within the 95% con- 
fidence limits of sampled litter for four of the seven 
plots in Macon County (Table 3). It was overesti- 
mated for two others (plots 14-27 and 14-36), both 
of which had low values of aboveground woody 
phytomass. Plot 14-36 was an abandoned field 
dominated by pole-sized eastern red cedar (Juni- 
perus virginiana L.) and yellow poplar (Lirioden- 
dron tulipifera L.), and had a sparse, discontinuous 
litter layer. Plot 14-27 had rotten stumps from log- 
ging prior to 1964. The reason for the underesti- 
mates in equilibrium litter for plot 14-45 is un- 
known. 

It may be argued that plot-by-plot representation 


of litterfall and O1 litter mass in invalid. Harris et 
al. (1973) found poor correlation between com- 
puted and measured litterfall for individual 0.20- 
acre (0.08 ha) plots at Walker Branch Watershed, 
Tennessee, although the averaged values for the 
watershed were comparable. Spatial variability of 
litterfall and subsequent litter movement by wind 
and gravity create sampling problems. The more 
accurate estimates for the entire mixed hardwood 
watershed at Coweeta than for the individual CFI 
plots corroborate the findings of Harris et al. (1973) 
and reinforce the appropriateness of applying our 
technique to aggregates of plots. The estimated av- 
erage O1 litter mass of the seven CFI plots of 3745 
kg ha”! is not significantly different from the mea- 
sured average of 3985 kg ha”. 


Elements in litterfall and O1 litter 

The techniques to calculate elemental content of 
litterfall and O1 litter were evaluated by comparing 
measured and computed values for the mixed hard- 
wood watershed at Coweeta. Measured values are 
from Cromack (1973). The computed elemental 


TABLE 4. Measured and computed calcium, magnesium, phosphorus, and potassium content of litterfall and O1 litter, and expo- 
nential mineralization rates for the mixed hardwood watershed, Coweeta Hydrologic Laboratory 


Litterfall (kg ha”! year~') 


O1 litter (kg ha”!) 


Turnover rate, k (°ar-D 


Measured Computed Measured Computed Measured 
Nutrient (litterbag) Measured? Computed 
Calcium 34 4l 46 191 0.3 0.5 0.3 
Magnesium 6 10 3 4 LS 1.0 1.3 
Phosphorus 4 5 5 6 0.4 0.5 0.6 
Potassium 13 27 4 5 1.8 1.5 1.9 


“Litter layer sampled. 
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TABLE 5. Phytomass of shoots, foliage litterfall, and equilibrium O1 litter for forests in the Southern Appalachian Mountains of 
North Carolina and Tennessee (mean+1 SE) based on a sample of stands with aboveground phytomass = 150 t ha”! 


No. Shoot phytomass Foliage litterfall Equilibrium O1 litter 
Forest type of plots (t ha!) (kg ha”! year”!) (kg ha”!) 

Pine 37 183+5 (AY 3970+120 (A) 6890+240 (A) 
Pine- hardwood 44 171+3 (B) 4010+90 (A) 5270+170 (B) 
Red oak -white 

oak - hickory 72 175+2 (AB) 4030+70 (A) 3610+70 (D) 
Chestnut 

oak - hickory 56 181+4 (A) 4250+90 (A) 4500+120 (C) 
Maple-beech-birch 15 179+9 (AB) 4210+210 (A) 3760+170 (D) 
Cove hardwood 

(yellow poplar) 28 169+2 B) 4030+ 100 (A) 3340+80 (D) 
Total 252 Avg. 176+1 Avg. 4050+40 Avg. 4560+90 


"Values in each column with different letters in parentheses are significantly different at the 5% confidence level, based on Duncan's multiple range test. 


contents of litterfall are consistently higher than 
values derived from a chemical analysis of fresh 
litterfall collected in litter traps in 1970 (Table 4). 
Overestimates vary from 20% for calcium to 108% 
for potassium. 

Computed elemental content of O1 litter is 1.03 
that measured for magnesium, 1.23 for potassium, 
1.38 for phosphorus, and 2.21 for calcium. The 
mineralization rate constants (k) that we compute 
likewise differ from measured values. Expressed 
as turnover times (1/k), we compute a turnover 
time of 2.9 years for calcium compared with a mea- 
sured 1.8 years; 0.8 years for magnesium compared 
with 1.0 years; and 0.5 years for potassium com- 
pared with 0.7 years. The computed and measured 
turnover rate for phosphorus was 1.8 years. We 
are, therefore, overestimating the rates of miner- 
alization for magnesium and potassium, and under- 
estimating the rate for calcium. 

A number of factors may account for these dis- 
parities. Interannual variability in nutrient concen- 
trations of senescent foliage is substantial. Day 
(1973) reported Ca, Mg, K, and P concentrations 
in senescent foliage in 1971 and 1972 for Quercus 
prinus, Acer rubrum, Carya glabra, and Cornus 
florida. Concentrations in these species in 1972 dif- 
fered from those for 1971 by 1-49% for Ca, 25-58% 
for Mg, 13-70% for K, and 15-55% for P. The use 
of averages reduces the impact of annual variations 
so that computed values are more representative 
of general conditions at Coweeta, but it makes di- 

_rect comparison with field values from specific 
years less meaningful. 

The mineralization rates (k) derived from litter- 
bag studies likewise show interannual variability. 
Cromack’s (1973) field measurements made in 
1969-1970 and 1970-1971 show considerable vari- 
ability. Yount (1975) points out that yearly varia- 
tions in precipitation and element leaching from the 


litter layer are reflected in yearly differences in lit- 
ter elemental contents. He states that the levels of 
Ca, Mg, and K in litter were higher than average in 
May 1970 and average or below average in May 
1971. 

Other research suggests that Ca is immobilized 
in forest litter and therefore does not follow an ex- 
ponential mineralization rate. Ca accumulates in 
hyphae and rhyzomorphs of litter-inhabiting fungi 
(Cromack et al. 1975; Graustein et al. 1977). Lou- 
sier and Parkinson (1978) observed net accumula- 
tion of Ca during Ist-year decomposition of Po- 
pulus tremuloides and P. balsamifera, with 
significant Ca losses occurring during the 2nd and 
3rd years of decomposition. A net Ca accumulation 
of approximately 300%, which occurred during the 
first 3 months of Pinus resinosa decomposition was 
found by Lawrey (1977) to be due to fungal accu- 
mulation. The higher Ca loss rate observed from 
input-output data than from 1st-year mixed leaf lit- 
terbags probably is due to higher Ca loss rates dur- 
ing later stages of O1 litter decomposition. 

In summary, our evaluation indicates closer 
agreement in calculated and observed values for 
litterfall and equilibrium O1 litter than for its ele- 
mental mass. Of the elements, estimates for phos- 
phorus appear to most accurately reflect measured 
values at Coweeta, while calcium estimates are 
least accurate. Litterfall, O1 litter mass and the lit- 
ter inputs and O1 masses of P, K, and Mg are es- 
timated with sufficient accuracy to warrant re- 
gional analysis. The above-mentioned evaluation 
for Ca suggests that it is premature to attempt a re- 
gional characterization of the Ca content of forests. 


Regional averages 

Regional litter characteristics were computed 
using data from selected Forest Service plots for 
the Southern Appalachian region. These selected 
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plots have an average aboveground phytomass of 
176 t ha“! (Table 5), considerably greater than the 
average of 122 t ha”! based on all 1777 forest plots 
in the region. The values presented are represent- 
ative of only undisturbed forest stands with mod- 
erate to high phytomass. 


Litterfall and OI litter mass 

Estimated litterfall for the six forest types rep- 
resented by these plots averages 4077 kg ha! 
year”! (Table 5). The difference in litterfall between 
forest types, e.g., 3967 kg ha”! year”! for pines ver- 
sus 4250 kg ha~! year”! for chestnut oak - hickory, 
is not significant. By contrast, the O1 litter mass 
differs significantly among forest types. Equilib- 
rium O! litter estimates for the pines (6891 kg ha™'), 
pine- hardwoods (5266 kg ha~') and chestnut oak - 
hickory (4495 kg ha?) differ significantly from each 
other, and from three forest types having similar 
OI litter masses: red oak - white oak - hickory 
(3606 kg ha~'), maple-beech- birch (3756 kg ha“), 
and cove hardwoods (3345 kg ha™'). The higher 
equilibrium mass in chestnut oak - hickory com- 
pared to red oak - white oak - hickory is due to the 
higher lignin concentration of chestnut oak foliage 
(25.5%) compared with other oaks (15-17%). If the 
pines, pine-hardwoods, and either of the oak- 
hickory types are seen as seral stages, foliage lit- 
terfall mass remains constant as deciduous species 
replace conifers, but O1 litter mass declines by as 
much as 50% due to a change in litter quality (.e., 
lignin concentration). 

Such a uniform foliage litterfall has been noted 
by others. Bray and Gorham (1964) found in a re- 
view of prior research that stands of gymnosperms 
shed only 200 kg ha”! year”! more foliage than 
angiosperms (2600 versus 2400 kg ha”! year7'). 
Measured leaf litterfall at Walker Branch Water- 
shed in east Tennessee was 3400 kg ha”! year"! for 
pines, 3700 kg ha-! year”! for yellow poplar, 3900 kg 
ha~! year for chestnut oak, and 4100 kg ha”! 
year”! for oak-hickory (Harris ef al. 1973), Griz- 
zard et al. (1976) found leaf litterfall for the same 
stands in another year to be 3890, 3420, 3770, and 
3980 kg ha ! year” !, respectively, suggesting that 
interannual differences are as great as differences 
between forest types. 

Foliage constitutes a high proportion of total 
aboveground litterfall. Rodin and Bazilevich (1965) 
report leaves as 75-85% of the total. Grizzard et al. 
(1976) measured leaves as 77-82% of total litterfall. 
Thus, total aboveground litterfall in our selected 
stands is likely to be 25% higher than reported here, 
or averaging about 5100 kg ha”! year™!. 

Few measurements of O1 litter mass or elements 


have been made in the study area. McGinnis (1958) 
found that the O1 layers of mixed hardwood stands 
in the Great Smoky Mountains National Park were 
10 000 - 12 000 kg ha7!, including bark, small 
branches and other nonfoliar components, Weaver 
and DeSelm (1973) found that O1 litter of yellow 
birch stands in western North Carolina weighed 
16 000 - 17 000 kg ha“, also including branches 
< 2.54 cm thick and other small nonfoliar litter. 
Shanks and Olson (1961) reported that both envi- 
ronment, as reflected in elevation, and species 
cause differences in Ist year decomposition of leaf 
litter. The best available comparison for our re- 
gional estimates is with the measurements made on 
Watershed 18 at Coweeta (Table 3). Our higher 
overall average O1 litter is partially the result of the 
abundance of pine in the regional sample compared 
with its infrequent occurrence in Watershed 18, 
which is predominantly red oak - white oak - hick- 
ory. Our estimate for the red oak - white oak - hick- 
ory type exceeds that at Coweeta by 15% (468 kg 
ha”). 


Elements in litterfall and O1 litter 

The estimated quantities of Mg, P, and K in both 
litterfall and in the O1 layer differ significantly be- 
tween forest types (Table 6), in spite of their uni- 
form litterfall. In general, nutrient content of foli- 
age litterfall is least for the pine type. It increases 
as the proportion of pine declines, is intermediate 
for the two oak-hickory types, and is highest for 
the mesic hardwoods. 

The variation among forest types in O1 litter con- 
tent of Mg, P, and K generally corresponds to var- 
iations in quantity of elements in litterfall. Pine falls 
into the lowest range. The two oak-hickory types 
have intermediate litter contents of Mg, P, and K, 
and the mesic hardwoods have the highest Ol nu- 
trient contents. The trend in nutrients in litter 
(Table 6) contrasted with trends in total litter mass 
(Table 5) results from the sharp contrast in litter 
quality between pines, oak-hickory types and 
mesic hardwoods in this region. 

While absolute quantities of elements in litterfall 
and O1 litter are likely to vary across forest type 
and regional boundaries, relative amounts should 
be more uniform. Rodin and Bazilevich (1967) re- 
port that elemental contents of litterfall in both con- 
iferous and hardwood forests are ordered K > Mg 
= P. We find the ordering to be K > Mg > P for the 
region, as is the case at Coweeta (Table 4) and 
Walker Branch Watershed, Tennessee (Grizzard 
et al. 1976). 

Relative elemental concentrations in the litter 
layer are also similar between forest types and re- 
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TABLE 6. Foliage litterfall and O1 litter contents of magnesium, phosphorus, and potassium for forests of the Southern Appalachian 
Mountains of North Carolina and Tennessee based on a sample of stands with aboveground phytomass > 150 t ha”! (litterfall = 
kg ha”! year~'; Ol mass = kg hat) 


Magnesium Phosphorus Potassium 
Forest type Litterfall OI mass Litterfall O1 mass Litterfall O1 mass 
Pine 6+1(CY 3+0 (C) 4+0 (C) 7+0 (B) 18+1 (E) 4+0 (C) 
Pine-hardwood 7+0 (C) 3+0 (C) 5+0 (C) 7+0 (B) 23+1 D) 4+0 (B) 
Red oak - white 
oak - hickory 9+0 (B) 3+0 (C) 5+0 (C) 7+0 (B) 26+1 (C) 5+0 (B) 
Chestnut oak - 
hickory 10+0 (B) 4+0 (B) 6+0 (B) 9+0 (A) 35£1 (B) 7+0 (A) 
Maple-beech- 
birch 10+1 (B) 4+0 (B) 7+1 (AB) 9+1 (A) 34+2 (B) 6+0 (A) 
Cove hardwood 
{yellow poplar) 14+1 (A) 4+0 (A) 7+0 (A) 9+0 (A) 39+1 (A) 7+0 (A) 
Average 9.0+0.2 3.2+0.1 5.5+0.1 8.0+0.01 28.4+0.6 5.3+0.1 


“Values in each column with different letters in parentheses are significantly different at the 5% confidence level, based on Duncan's multiple range test. 


gions. Rodin and Bazilevich (1967) report relative 
concentrations for the total litter layer in hard- 
woods as K > Mg > P. Our orderings are P > K 
> Mg for hardwoods, pines, and pine-hardwoods. 
The relative litter concentrations for Watershed 18 
at Coweeta are P > K > Mg (Table 4), although the 
differences between P, K, and Mg are slight. 
Weaver (1975) found that Mg > K > P for yellow 
birch. 


Turnover rates 

The turnover rate constants (k) for litter and its 
Mg, P, and K contents summarize the relationship 
between litterfall and O1 litter mass. Values of k 
were computed for each forest plot by substituting 
estimated litterfall (or its element contents) and O1 
equilibrium litter mass (or element content) in Eq. 
1 (Table 1) and solving fork. The result is analogous 
to the turnover that would be measured from a field 
study of decomposition on each plot, with its char- 
acteristic species composition. These are summa- 


rized by forest type in Table 7. Turnover rates for 
O1 litter mass follow the trend in equilibrium litter 
of Table 6, except that & for red oak - white oak - 
hickory is signifcantly lower than for the mesic 
hardwoods. Turnover times (1/k) increase from 1.3 
years for the mesic hardwoods to 2.2 years for pine 
forest types. 

Turnover rates for elements generally increase 
{turnover times decrease) from the pine to the 
mesic hardwood types, paralleling the trend in lig- 
nin concentration, The analysis of variance (Dun- 
can’s multiple range test) identifies a greater num- 
ber of classes for turnover rate than for either 
litterfall or O1 litter element content. Cove hard- 
woods and pines stand out as extremes in element 
turnover rates. 


Conclusions 


Forest data bases such as those used in this study 
provide information on tree stems for a large num- 
ber of plots, but usually no data that are ready- 


TABLE 7. Turnover rates per year (mean+SE) for litter and magnesium, phosphorus, and po- 
tassium in the O1 litter layer by forest type for the Southern Appalachian Mountains of North 
Carolina and Tennessee based on a sample of stands with aboveground phytomass > 150t ha”! 


Forest type Litter Magnesium Phosphorus Potassium 
Pine 0.5+0.0 (AY 1.2+0.0 (A) 0.5+0.0 (A) 1.8+0.0 (A) 
Pine-hardwood 0.6+0.0 (B) 1.3+0.0 (B) 0.5+0.0 (B) 1.8+0.0 (BC) 
Red oak - white 

oak - hickory 0.8+0.0 (D) 1.4+0.0 (B) 0.6+0.0 (C) 1.9+0.0 (C) 
Chestnut 

oak - hickory 0.7+0.0 (C) 1.3+0.0 (B) 0.5+0.0 (B) 1.8+0.0 (C) 
Beech-maple- 

birch 0.8+0.0 (D) 1.4+0.0 (AB)  0.6+0.0 (C) 1.9+0.0 (BC) 
Cove hardwood 

(yellow poplar) 0.8+0.0 (E) 1.4+0.0 (C) 0.6+0.0 D) 1.9+0.0 (D) 
Average 0.7+0.0 1.3+0.0 0.5+0.0 1.8+0,0 


“Values in each column with different letters in parentheses are significantly different at the 5% confidence level, based on 


Duncan's multiple range test. 
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made for studying litter dynamics, since govern- 
ment agencies do not take litter samples in the 
course of their surveys. Process-level and local 
studies give details for limited conditions whose 
broad regional extrapolation has remained un- 
tested. We believe that we have demonstrated the 
feasibility of combining site studies and regional 
forest data bases to derive estimates of forest litter 
quantities and turnover rates. 

Litterfall and O1 litter dynamics across the wide 
range of species and forest types in the diverse 
Southern Appalachian region have been consid- 
ered in this study. Foliage litterfall changes little if 
at all among forest types, but sharp contrasts occur 
among forest types in OI litter mass and the inputs 
and O1 contents of macronutrients. However, we 
are more confident of our estimates of litterfall and 
litter mass than we are of estimates of the elemental 
content of O1 litter. We anticipate that long-term 
site studies of litter decomposition and mineraliza- 
tion will yield average annual values of k appropri- 
ate to regional application (or other decomposition 
models). 

We have also extrapolated from site studies that 
represent a limited portion of the range of environ- 
ments in the Southern Appalachian region to forest 
survey plots that more nearly encompass that 
range. Thus, we expect that we have underesti- 
mated the variability in equilibrium O1 litter for the 
six forest types. The underestimates in variability 
may increase from the pines to the mesic hard- 
woods as foliage lignin content declines and envi- 
ronmental changes more strongly affect litter decay 
rates (Meentemeyer 1978). The accuracy of their 
mean values (Tables 5-7) depends on whether the 
weighted average environment for each forest type 
coincides with that at Coweeta Hydrologic Labo- 
ratory, where the rate constants, k, were derived. 
This might be assessed by a program of site studies 
along environmental gradients (Fogel and Cromack 
1977). Ultimately, information on plot locales, e.g., 
topographic position, and the impact of forest man- 
agement (Aber et al. 1978) may be added to the 
basic method presented here so that we can more 
fully distinguish among the mosaic of forest stands 
that constitute a region. 
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